When infected by pathogens, the human body will initiate a cascade of immunological responses and release vast amounts of inflammatory substances with the major aim of eradicating external pathogenic causes [1, 2] . At present, there are steroid and nonsteroid anti-inflammatory drugs which are applied to inflammatory symptoms such as asthma, rheumatoid arthritis, psoriatic arthritis, systemic lupus erythematosus, Crohn's disease, multiple sclerosis, and systemic vasculitis [3] . However, many of these drugs have significant side-effects such as inducing hyperglycemia, glaucoma, poor healing of skin sores, muscular disorders, hypertrichosis, stomach ulcer, insomnia, depression and mental illnesses. Therefore, in order to avoid the adverse effects of the traditional anti-inflammatory drugs, scientists nowadays often screen numerous natural products for non-steroid compounds with no sideeffects.
Chamaecyparis obtusa Siebold & Zucc. f. formosana (Cupressaceae) is one of five so-called treasured conifers of Taiwan [4] . Earlier studies indicated that heartwood extractives of C. obtusa f. formosana possessed allelopathy and anti-wood decay fungal activities [5] [6] [7] ; there was antioxidant activity from the bark extractives [8] ; and the leaf essential oil had anti-termite activity [9] . With respect to the essential oil compositions, only an earlier paper by us presented the compositions of its leaf essential oil [10] . No prior study has investigated the chemical composition and biological activity of the wood essential oil of the species. Therefore, the aim of the present study was (a) to examine the chemical composition of the essential oil isolated from the wood of C. obtusa f. formosana by GC-FID and GC-MS; and (b) to evaluate the anti-inflammatory activity of the wood essential oil by investigating its in vitro effects on the mechanisms of inflammatory responses in the murine macrophage cell culture model. Furthermore, the inflammatory response signal transduction pathways of the cells treated with varying doses of the wood essential oil were examined to find out whether C. obtusa f. formosana wood oil possesses anti-inflammatory efficacy and has potential for medicinal uses in the future.
Hydrodistillation of the wood gave a dark-yellow colored oil with a yield of 0.64 ± 0.02 mL/100 g, based on the dry mass of wood. The identified constituents of the oil are presented in Table 1 , where all compounds are listed in order of their elution from a DB-5 column. Fifty-seven compounds were identified (Table 1) , representing 99.5% of the oil. Among the groups, oxygenated monoterpenes predominated (53.7%), followed by oxygenated sesquiterpenes (37.3%), sesquiterpene hydrocarbons (7.5%), monoterpene hydrocarbons (0.6%), and others (0.4%). Among the oxygenated monoterpenes, α-terpineol (19.4%), and borneol (16%) were the major compounds, and of the oxygenated sesquiterpenes, -muurolol (16.9%), and α-cadinol (10.9%) were the chief components. This is the first study of the chemical composition of C. obtusa f. formosana wood oil.
Almar blue reagent was used to examine the effects of the wood oil on the survival of murine macrophage cells. The results of treatment after 24 h are shown in Figure 1 . At concentrations of 12.5, 25, 50, and 100 μg/mL, the survival rates were all > 99.8%, indicating that the wood oil had practically no effect on the survival of murine macrophage cells.
Numerous essential oils and some terpenoid compounds have been used to treat inflammatory conditions. However, NO, IL-1, IL-6, and TNF-α are important pro-inflammatory mediators produced mainly by activated macrophages and exert multiple biological effects, including activation of immune responses. Therefore, in order to test whether C. obtusa f. formosana wood oil could reduce NO expression in lipopolysaccharide (LPS)-activated macrophages, we used the Griess reaction to characterize the NO expression doseresponse in wood essential oil-pretreated cells. The results indicated that the wood oil caused reduction in NO concentrations along with increasing doses. Thus, the wood oil exerts a significant inhibitory effect on the expression of NO (Figure 2a ).
To further test whether C. obtusa f. formosana wood oil could affect cytokine expression in LPS-activated macrophages, we used ELISA to characterize the cytokine expression dose-response in C. obtusa f. formosana wood oil-pretreated cells and found that expression of IL-6, and TNF-α was significantly inhibited at wood oil concentrations of 25 and 50 μg/mL (Figure 2b~2c ). The wood oil also inhibited IL-1 secretion (Figure 2d ) and IL-1β precursor (proIL-1β) protein expression ( Figure 3 (a) J774A.1 macrophages (2×10 5 /mL) were pretreated with either C. obtusa f. formosana wood oil or DMSO (vehicle) for 30 min, followed by stimulating with LPS (1 μg/mL) for 24 h. Nitric oxide concentration in culture medium was assayed by Griess reaction. Data are expressed as mean (SE from three separate experiments. *p < 0.05; **p < 0.01. (b) J774A.1macrophages (1×10 6 /mL) were pretreated with either C. obtusa f. formosana wood oil or DMSO(vehicle) for 30 min, followed by stimulating with LPS (1 μg/mL) for 6 h. IL-6 concentration in culture medium was assayed by ELISA. Data are expressed as mean (SE from three separate experiments. *p < 0.05; **p < 0.01. (c) J774A.1 macrophages (1×10 6 /mL) were pretreated with either C. obtusa f. formosana wood oil or DMSO (vehicle) for 30 min, followed by stimulating with LPS (1 μg/mL) for 6 h. TNF- concentration in culture medium was assayed by ELISA. Data are expressed as mean (SE from three separate experiments). *p < 0.05; **p < 0.01. (d) Essential oil of C. obtusa f. formosana wood oil inhibits IL-1 protein expression in LPS-stimulated macrophages. J774A.1 cells were pretreated with the indicated concentration of essential oil for 30 min prior to incubation with 1 g/mL LPS for 24 h. Culture media were assayed by using specific ELISA. The error bar for all experiments was mean ± SD (n = 3), *p < 0.05; **p < 0.01.
The effect of C. obtusa f. formosana wood oil on the protein expression of inducible NO synthase (iNOS), the enzyme that catalyzes NO production, was also examined. We found that the wood oil reduced the expression of iNOS in a dose-dependent manner ( Figure 3) ; however, it had no effect on the expression of cyclooxygenase-2 (COX-2) protein in LPS-activated macrophages ( Figure 3) . We also demonstrated that the secretion of NLRP3 (NOD-like receptor family, pyrin domain containing 3) (Figure 3 ) was reduced by EACF in a dose-dependent manner.
LPS potently induces macrophages to produce the proinflammatory cytokines by activation of TLR4 through many signaling pathways, including the ERK1/2, JNK1/2, and p38 [12, 13] . To examine whether C. obtusa f. formosana wood oil affects the MAPK signaling pathways, macrophages were treated with LPS in either the presence or absence of the wood oil. The phosphorylation levels of MAPK, including ERK1/2, JNK1/2, and p38, were determined by Western blot analysis. The results showed that C. obtusa var. formosana wood oil reduced the phosphorylation levels of ERK1/2, JNK1/2 and p38 ( Figure 4 ) in LPS-activated macrophages. Anti-inflammatory activity of C. obtusa var. formosana wood oil
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In a previous study, ROS played important roles in LPS mediated phosphorylation of MAPKs and IL-1 gene expression [14] . In this study, we found that pre-treatment of cultured murine J774A.1 macrophages with C. obtusa f. formosana wood oil effectively decreased LPS induced ROS (H 2 O 2 ) release ( Figure 5 ).
The main ingredients found in C. obtusa f. formosana wood oil have literature precedence for anti-inflammatory bioactivities. For instance, α-terpineol inhibited COX-2 activation [15] ; borneol inhibited activation of NO, PEG2 [16] , ROS, NF-B [17] , TNF-α and IL-1β [18] ; α-cadinol inhibited release of NO, and had excellent anti-inflammatory bioactivity.
From the above, we found that C. obtusa f. formosana wood oil lacked cytotoxicity and was capable of inhibiting expression of TNF-α, IL-6, IL-1, pro IL-1β, NO, iNOS, and NLRP3. However, there was no apparent inhibition of COX-2. Further investigation of the effects of this oil on cellular signal transduction pathways indicated that it was capable of inhibiting the activation of ERK1/2, JNK1/2, p38 and ROS. Summarizing the results we deem that C. obtusa f. formosana wood oil had good anti-inflammatory efficacies.
Experimental
Materials: Wood of C. obtusa f. formosana was collected in June 2012 from Chilan Mt in northeast Taiwan (Yilan County, elevation 1050 m, N 24º 40´ 56˝, 121º 40´ 15˝). The samples were compared with specimen no. ou 58896 from the Herbarium of National Ilan University. The voucher specimen (CLH-038) was deposited in the NIU herbarium. Wood of the species was collected for subsequent extraction and analysis. LPS (from Escherichia coli 0111:B4), ATP, and mouse antibodies against mouse phospho-ERK1/2, phospho-JNK1/2, phosphop38, actin and the other chemicals used were purchased from Sigma (St. Louis, MO). Rabbit antibodies against mouse inducible nitric oxide synthase (iNOS), and cyclooxygenase-2 (COX-2) were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). IL-1, interleukin-6 (IL-6), and tumor necrosis factor- (TNF-) ELISA kits were purchased from R&D Systems (Minneapolis, MN). Mouse anti-mouse NLRP3 antibody was purchased from Enzo Life Sciences Inc. (Exeter, UK), the AlamarBlue assay kit from AbD Serotec Ltd (Oxford, UK) and the QUANTI-Blue TM reagent from InvivoGen (San Diego, CA).
Isolation of the wood essential oil: Wood of C. obtusa f. formosana wood (1 kg) was first diced and then placed in a round-bottom flask and hydrodistilled for 8 h with 3 L of distilled water. The essential oil obtained was dried with anhydrous sodium sulfate. The oil yield and all test data are the average of triplicate analyses.
Essential oil analysis:
A Hewlett-Packard HP 6890 gas chromatograph equipped with a DB-5 fused silica capillary column (30 m x 0.25 mm x 0.25 μm film thickness, J&W Scientific) and a FID detector was used for the quantitative determination of oil components. Oven temperature was programmed as follows: 50ºC for 2 min, rising to 250ºC at 5ºC/min. Injector temperature: 270ºC. Component identification: Identification of the leaf essential oil constituents was based on comparisons of retention index (RI) [19] , retention times (RT), and mass spectra with those obtained from authentic standards and/or the NIST and Wiley libraries spectra, and literature [11, 19] . NO inhibitory assay: J774A.1 macrophage cells were seeded in 24-well plates at a density of 2 × 10 5 cells in 1 mL medium, and the plates incubated with or without LPS (1 µg/mL) and in either the presence or absence of the test sample for 24 h. Production of NO affected by the test sample was indirectly measured using the Greiss reaction by determining the nitrite concentrations.
AlamarBlue assay for cell viability: J774A.1 macrophage cells were seeded in 96-well flat-bottom plates at a density of 5000 cells in 100 μL of RPMI 1640 medium containing 10% fetal calf serum per well and incubated at 37 in a 5% CO 2 incubator for 24 h, and then with the test samples for a further 24 h. Then, the AlamarBlue assay was used to determine the cytotoxicity of the test samples according to the description of the manufacturer (AbD Serotec, Oxford, UK).
Enzyme-linked immunosorbent assay (ELISA): J774A.1 macrophage cells (2 × 10 6 in 2 mL medium) were seeded in 60 mm dishes and treated as before. ELISA was used to measure the secretion of IL-1, IL-6, and TNF-α according to the manufacturer's protocol. In this, 50 µL of biotinylated antibody and 50 µL of supernatant were added to stripwell plates precoated separately with anti-mouse IL-1, IL-6, and TNF-α antibodies and incubated at room temperature for 2 h. After washing 3 times with a washing buffer, 100 µL of diluted HRP-conjugated streptavidin concentrate formosana wood oil on ROS production. J774A.1 macrophages were pretreated with CM-DCFDA (2 μM) for 30 min, followed by substitution with fresh medium. Cells were treated with C. obtusa f. formosana wood oil (50 μg/mL), NAC (10 mM) or DMSO (vehicle) for 30 min, followed by incubating with LPS (1 μg/mL) for 0-180 min. The fluorescence intensity of fluorophore CM-DCF was detected as described in Experimental. Data are expressed as relative mean fluorescence intensity (MFI) (SE from three independent experiments.
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was added to each well and the plates incubated at room temperature for 30 min. The washing process was repeated. Then 100 µL of a premixed tetramethylbenzidine substrate solution was added to each well and the reaction was left at room temperature in the dark for 30 min. Following addition of 100 µL of stop solution to each well, the absorbance at 450 nm was measured in a microplate reader.
Western blot assay: J774A.1 macrophage cell (2 × 10 6 in 2 mL medium) lysates were separated by SDSPAGE and electrotransferred to PVDF membranes. The membranes were incubated in blocking solution consisting of 5% nonfat milk in phosphate buffered saline (PBS) with 0.1% Tween 20 at room temperature for 1 h. Each membrane was incubated with a specific primary antibody at room temperature for 2 h. After washing 3 times in PBS with 0.1% Tween 20, the membranes were incubated with an HRP-conjugated secondary antibody directed against the primary antibody. The membranes were then developed by an enhanced chemiluminescence Western blot detection system. Intracellular ROS production: Intracellular ROS stimulated by LPS was measured by detecting the fluorescent intensity of carboxyl-2',7'-dichlorofluorescein diacetate (CM-DCFH) (Molecular Probes, Inc., Eugene, OR) for oxidized product, DCF (or CM-DCF). Briefly, 1×10 5 J774A.1 cells/mL were grown in serum-and phenol red-free RPMI medium for 24 h, and then preincubated with 2 μM CM-DCFH and either C. obtusa f. formosana wood oil (50 μg/mL) or NAC (10 mM) at 37 for 30 min in the dark. To these was added fresh starvation medium containing LPS for additional incubation at the indicated times. The relative fluorescent intensity at an excitation wavelength of 485 nm and emission wavelength of 530 nm of fluorophore CM-DCF formed by peroxide oxidation of the non-fluorescent precursor was detected with a fluorometer, Cytofluor 2300 (Millipore Inc., Bedford, MA).
Statistical analysis:
All values are given as means ± S. E. Data analysis involved one-way ANOVA with subsequent Scheffé test.
